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SEMICONDUCTOR DEVICE AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a divisional application of U.S.
patent application Ser. No. 13/327,614 filed on Dec. 15, 2011,
which claims the priority of Korean Patent Application No.

10-2010-0128572 filed on 15 Dec. 2010, the disclosures of
which are hereby incorporated in their entirety by reference.

BACKGROUND OF THE INVENTION

Embodiments of the present mnvention relate to a semicon-
ductor device and a method for manufacturing the same, and
more particularly to a semiconductor device including a Glo-
bal Bit Line (GBL) and a method for manufacturing the same.

In recent times, technologies of 40 nm or less have been
applied to semiconductor devices so that a Global Bit Line
(GBL) process has been proposed. However, 11 misalignment
between a bit line contact and a bit line occurs, the GBL
process unavoidably generates a poor self-aligned contact
(SAC) between a bit line contact and a storage node contact.
I1 a thick bit line spacer 1s formed to solve the above-men-
tioned problem, a Not-Open phenomenon of a storage node
contact occurs. In addition, i1 the bit line contact spacer 1s
formed thick, resistance of the bit line contact 1s increased. In
order to prevent the increasing resistance of the bit line con-
tact, an inner GBL process has been proposed. However, the
inner GBL process 1s disadvantageous in that 1t makes diffi-
cult a SAC contact process, and increases parasitic capaci-
tance (Cb) between the bit line and a plate electrode.
Increased parasitic capacitance (Cb) has a negative intluence
upon a sensing margin of the entire semiconductor device,
resulting in deterioration of device characteristics.

BRIEF SUMMARY OF THE INVENTION

Various embodiments of the present invention are directed
to providing a semiconductor device and a method for manu-
facturing the same that substantially obviate one or more

problems due to limitations and disadvantages of the related
art.

An embodiment of the present invention relates to a semi-
conductor device and a method for manufacturing the same,
which can improve a process for forming an mner bit line so
as to improve device characteristics.

In accordance with an aspect of the present invention, a
semiconductor device includes a bit line contact hole includ-
ing a protruded active region; a first spacer formed over a
sidewall and bottom of the bit line contact hole so as to expose
a top of the active region; a bit line contact plug and a bit line
formed over the exposed active region; and a second spacer
formed over the semiconductor substrate including not only
the biat line contact plug but also the bit line.

Each of the first spacer and the second spacer may include
a nitride film.

The first spacer formed over the bottom of the bit line
contact hole may be formed to be level to the protruded active
region.

A critical dimension (CD) of the bit line contact hole may
be larger than a short-axis-directional CD of the active region.
A critical dimension (CD) of the bit line contact plug may be
smaller than a CD of the bit line contact hole.
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The bit line contact plug may include polysilicon. The bit
line may be formed 1n a laminated structure of a barrier metal
layer, a bit line conductive layer, and a hard mask layer.

The second spacer may fill a space between the bit line
contact plug and the bit line contact hole.

The portion of the first spacer formed over the bottom of the
bit line contact hole may be formed to have a larger thickness
than the portion of the first spacer formed over the sidewall of
the bit line contact hole.

In accordance with another aspect of the present invention,
a method for manufacturing a semiconductor device includes
etching a semiconductor substrate including an active region,
and forming a bit line contact hole from which the active
region 1s protruded; forming a {irst spacer exposing a top of
the active region over sidewalls and a bottom of the bit line
contact hole; forming a bit line contact plug and a bit line over
the exposed active region; and forming a second spacer over
the semiconductor substrate including not only the bit line
contact plug but also the bit line.

In the forming of the bit line contact hole, a critical dimen-
sion (CD) of the bit line contact hole may be larger than a
short-axis-directional CD of the active region.

The forming of the first spacer may include depositing an
insulation film 1n the bit line contact hole including the pro-
truded active region; and performing an etch process until the
top of the protruded active region 1s exposed, so that the
insulation film remains over an sidewall and bottom of the bat
line contact hole.

The etch process may be a lateral etch process. The lateral
etch process may be performed using a Light Etch Treatment
(LET) scheme, The lateral etch process may be performed
using a wet etch scheme. The etch process may be performed
using a gas including any of SF,, O,, N,, HBr and a combi-
nation thereof.

The forming of the bit line contact plug and the bit line may
include forming a polysilicon layer, a barrier metal layer, a bat
line conductive layer, and a hard mask layer over the bit line
contact hole 1n which the first spacer 1s formed; forming a
mask pattern defining a bit line over the hard mask layer; and
ctching the hard mask layer, the bit line conductive layer, the
barrier metal layer, and the polysilicon layer using the mask
pattern defining the bit line as an etch mask.

The barrier metal layer may be formed of any of a titanium
(T1) film, a titanium nitride (TiN) film, and a combination
thereof. The bit line conductive layer may be formed of a
material including tungsten (W). The bit line hard mask layer
may be formed of a material including a nitride film.

In the etching of the polysilicon layer, the polysilicon layer
may be the bit line contact plug. In the forming of the second
spacer, the second spacer may be formed to bury the bit line
contact hole formed over sidewalls of the bit lie contact plug.

The 1nsulation film may be formed of a material including,
a nitride film. The method may further include, after forming
the second spacer, forming a storage node contact plug adja-
cent to the bit line.

In accordance with another aspect of the present invention,
A semiconductor device comprising: a trench disposed 1n a
substrate, wherein a bottom of the trench 1s at a first level, an
uplifted active region disposed 1n the trench, wherein a top of
the uplifted active region is at a second level higher than the
first level, a bit line pattern disposed over the uplifted active
region and coupled to the uplifted active region, a first spacer
disposed over a bottom of the trench and extending over a
sidewall of the trench, wherein a top of the first spacer formed
over the bottom of the trench 1s at a third level, and a second
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spacer disposed between the first spacer and the bit line pat-
tern. The third level 1s substantially the same as the second
level.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are

intended to provide further explanation of the mvention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1D are cross-sectional views illustrating a
general semiconductor device and a method for manufactur-
ing a semiconductor device according to the related art.

FI1G. 2 1s a cross-sectional view illustrating a semiconduc-
tor device according to an embodiment of the present mven-
tion.

FIGS. 3A to 3G are cross-sectional views illustrating a
method for manufacturing the semiconductor device shown

in FIG. 2.

DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to the embodiments
of the present mnvention, examples of which are illustrated 1n
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. A semiconductor device and a
method for manufacturing the same according to embodi-
ments of the present invention will hereinafter be described
with reference to the accompanying drawings.

FIGS. 1A to 1D are cross-sectional views illustrating a
general semiconductor device and a method for forming the
same according to the related art.

Referring to FIG. 1A, a device 1solation trench defining an
active region 13 1s formed by etching a semiconductor sub-
strate 10. An oxide film fills the device 1solation trench so that
a device 1solation film 15 1s formed. Referring to FI1G. 1B, the
semiconductor substrate 10 including the active region 13 and
the device 1solation film 15 1s etched so that a bit line contact
hole 17 1s formed. In this case, an active region 13 protrudes
from a center part of the bit line contact hole 17 1s formed
because of a difference 1n etch selection ratio between the
active region 13 and the device isolation film 15. Subse-
quently, a spacer insulation film 20 1s deposited along the
protruded active region 13 and an 1inner surface of the bit line
contact hole 17. The spacer msulation film 20 may be formed
ol a mitride film.

Referring to FIG. 1C, the spacer insulation film 20 1s etched
by an etch-back process, so that a spacer 20a 1s formed at an
inner wall of the bit line contact hole 17 and sidewalls of the
protruded active region 13. A laminated structure of a poly-
silicon layer, a barrier metal layer (not shown), a bit line
conductive layer 30q, and a bit line hard mask layer 305 1s
formed over the entire surface including the bit line contact
hole 17 including the spacer 20a. Thereafter, after a mask
pattern (not shown) defining a bit line 1s formed over the bit
line hard mask layer 305, and the above-mentioned laminated
structure 1s etched using the mask pattern (not shown) as an
ctch mask, so that a bit line contact plug 25 and a bit line 30
are Tormed.

Subsequently, a second spacer 35 1s formed over the entire
surface including the bit line 30 and the bit line contact plug
25. The second spacer 35 fills 1n an empty space formed at a
side of the bit line contact plug 235. However, as the depth of
the bit line contact hole 17 increases, the corresponding depth

(d1) (See FIG. 1C) of the second spacer 35 also increases.
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Therefore, the second spacer 33 1s unlikely to completely fill
the biat line contact hole 17, resulting 1n a void.

Referring to FIG. 1D, an interlayer isulation film 40 1s
formed over the second spacer 35, and a storage node contact
hole 45 1s formed by etching the interlayer insulation film 40
and the second spacer 35 formed over the semiconductor
substrate 10.

FIG. 2 1s a cross-sectional view illustrating a semiconduc-
tor device according to an embodiment of the present inven-
tion.

Referring to FI1G. 2, a bit line contact hole 107 1s formed 1n
the semiconductor substrate 100 including the active region
103 and the device 1solation film 105. The active region 103
may protrude from a center part of the bit line contact hole
107. The active region 103 shown i FIG. 2 shows a cross-
sectional view of the active region 103 taken along a short-
axis of the active region 103.

In addition, a first spacer 110a 1s formed over sidewalls and
the bottom of the bit line contact hole 107. In an embodiment,
the first spacer 110a may include a nitride film. The portion of
the first spacer 110q that 1s formed at the bottom of the bit line
contact hole 107 1s formed to be thicker than the portion of the
first spacer 110q that 1s formed over the sidewalls of the bat
line contact hole 107. In addition, the portion of the first
spacer 110q that 1s formed at the bottom of the bit line contact
hole 107 1s formed 1n such a manner that a surface of the
protruded active region 103 1s exposed. That 1s, 1n an embodi-
ment, the portion of the first spacer 110a that 1s formed at the
bottom of the bit line contact hole 107 may be formed to be
level with a top of the protruded active region 103.

In addition, a bit line contact plug 115 and a bit line 120 are
formed over the active region 103. The bit line contact plug
115 may include polysilicon, and the bit line 120 may include
a barrier metal layer (not shown), a bit line conductive layer
120a and a bit line hard mask layer 1205. In an embodiment,
the bit line contact hole 107 may not be completely filled,
resulting 1n a void at a side of the bit line contact plug 115. A
second spacer 123 1s formed over the entire surface of the
semiconductor substrate 100 including the bit line contact
plug 115 and the bit line 120. In an embodiment, the second
spacer 125 may include a nitride film, and may fill in the void
which may be formed at a side of the bit line contact plug 115.

As described above, since the first spacer 110a 1s formed at
the bottom of the bit line contact hole 107, the depth (d2)
corresponding to a gap-filled depth of the second spacer 125
1s reduced. As a result, when a storage node contact hole 1s
formed 1n a subsequent process, a SAC fail can be prevented.

FIGS. 3A to 3G are cross-sectional views 1llustrating a
method for manufacturing a semiconductor device shown in
FIG. 2 according to an embodiment of the present invention.

Referring to FIG. 3A, a semiconductor substrate 100 1s
etched so that a device 1solation trench for defining the active
region 103 1s formed. Thereafter, the device 1solation trench 1s
filled with an oxide film, and a planarization etching process
1s performed, so that a device 1solation film 105 1s formed.

Referring to FIG. 3B, a mask pattern 108 1s formed over the
semiconductor substrate 100. Thereafter, the semiconductor
substrate 100 1s etched using the mask pattern 108 as an etch
mask so that a bit line contact hole 107 1s formed. In an
embodiment, the active region 103 may protrude from a cen-
ter part of the bit line contact hole 107 due to a difference in
ctch selection ratio between the active region 103 and the
device 1solation film 105. The active region 103 shown 1n
FIGS. 3A to 3G 1s a cross-sectional view taken along a short-
axis of the active region 103.

Referring to FIG. 3C, after the mask pattern 108 1s
removed, a spacer insulation film 110 1s deposited in the bit
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line contact hole 107. Preterably, the spacer insulation film
110 may be formed of a material including a nitride film. In an
embodiment, the spacer mnsulation film 110 1s deposited along
sidewalls of the bit line contact hole 107 and over the pro-
truded active region 103, so as to form a recess over the
protruded active region 103 as shown in FIG. 3C.

Referring to FI1G. 3D, a lateral etch process 1s performed so
that the spacer insulation film 110 remains only over the
sidewalls and bottom of the bit line contact hole 107. The
remaining spacer insulation film 110 is referred to as a first
spacer 110a. The spacer insulation film 110 may be etched
until the top of the active region 103 1s exposed during the
lateral etch process. Therefore, the first spacer 110a may be
formed at a sidewall of the bit line contact hole 107. A light
ctch treatment (LET) scheme may be employed for the lateral
etch process. More preferably, a wet etch scheme may be
employed, or a lateral etch process may be performed using a
gas, including any of SFE, O,, N,, HBr and a combination
thereof. In this case, the LE'T scheme may be performed using,
a mixed gas of CF, and O, through a downstream-based
cetching device. A LET process 1s advantageous because i1t
cures a substrate surface, which 1s damaged 1n the etching
process.

In addition, the lateral etch process 1s performed until the
top of the active region 103 1s exposed. That 1s, the first spacer
110a 1s Tormed to expose the top surface of the active region
103, which protrudes 1n the bit line contact hole 107. Prefer-
ably, the first spacer 110q formed at the bottom of the bit line
contact hole 107 may be formed to be the level to a top surface
of the protruded active region 103. Preferably, the portion of
the first spacer 110a formed at the bottom of the bit line
contact hole 107 may be formed to have a larger thickness
than the portion of the first spacer 110a formed at a sidewall
of the bit line contact hole 107.

Referring to FIG. 3E, a polysilicon layer, a barrier metal
layer (not shown), a bit line conductive layer 120a, and a bat
line hard mask layer 1205 are sequentially formed over the
entire surface of the semiconductor substrate 100 including
the bit line contact hole 107 1n which the first spacer 110a 1s
formed. After that, a mask pattern (not shown) defining a bit
line 1s formed over the bit line hard mask layer 12056. The bit
line hard mask layer 1205, the bit line conductive layer 120a,
the barrier metal layer (not shown) and the polysilicon layer
are etched using the above-mentioned mask pattern (not
shown) as an etch mask, so that the bit line 120 and the bit line
contact plug 115 are formed. In other words, the bit line 120
and the bit line contact plug 115 are simultaneously etched.
The bit line contact plug 115 may be formed by etching the
polysilicon layer. Thus, an mner GBL (Global Bit Line),
including the bit line contact plug 115, 1s formed 1n the bit line
contact hole 107, and an empty space, denoted as ‘A’, 1s
tformed between a lateral surface of the bit line contact plug
115 and the first spacer 110a formed at a sidewall of the bit
line contact hole 107.

Referring to FIG. 3F, a second spacer 125 1s formed over
the entire surface of the semiconductor substrate 100 1nclud-
ing the bit line contact plug 115 and the bit line 120. The
second spacer 125 fully fills the empty space A shown 1n FIG.
3E. In this case, since the first spacer 110q 1s formed to a
predetermined thickness at the bottom of the bit line contact
hole 107, the depth (d2) filled by the second spacer 125
becomes shallower, so that a gap-filling problem caused by a
high aspect ratio during the formation of the second spacer
125 can be solved. The second spacer 125 may be formed of
the same material as the first spacer 110a. For example, the
second spacer 125 may be formed of a material including a
nitride film.
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Reterring to FIG. 3G, an interlayer insulation film 130 1s
formed over the entire surface including the second spacer
125. Thereaftter, a mask pattern (not shown) defining a storage
node contact hole 1s formed over the interlayer insulation film
130, and the interlayer mnsulation film 130 and the second
spacer 125 are etched using the above-mentioned mask pat-
tern (not shown) as an etch mask, so that a storage node
contact hole 135 i1s formed and a cleaning process 1s then
performed. The interlayer insulation film 130 1s formed of a
material, such as an oxide film, that has an etch selectivity
ratio different from that of the spacer insulation film 125. As
a result, the second spacer 1235 formed at sidewalls of the bit
line 120 1s not damaged and damage to the bitline 120 and the
bit line contact plug 115 can be prevented. As can be seen
from FIG. 3F, the second spacer 125 can f1ll a void between
the bit line contact plug 115 and the first spacer 110a, pre-
venting a Self Align Contact (SAC) fail from occurring 1n the
course of formation of the storage node contact hole 135.
As 1s apparent from the above description, a semiconductor
device and a method for forming the same according to an
embodiment of the present invention, the {first spacer is
formed at the bottom of the bit line contact hole, and the
resultant first spacer 1s increased in thickness, so that the
depth of the second spacer, which 1s deposited after the for-
mation of the bit line and the bit line contact plug and fills a
voild between the bit line contact plug and the first spacer, 1s
reduced. As a result, formation of a void can be prevented in
the formation of the second spacer, and a SAC fail can also be
prevented 1n the formation of the storage node contact hole,
which 1s formed 1n a subsequent process.
The above embodiments of the present invention are 1llus-
trative and not limitative. Various alternatives and equivalents
are possible. The invention 1s not limited by the embodiments
described herein. Nor 1s the imnvention limited to any specific
type of semiconductor device, Other additions, subtractions,
or modifications are obvious in view of the present disclosure
and are intended to fall within the scope of the appended
claims.
What 1s claimed 1s:
1. A method for manufacturing a semiconductor device
comprising:
forming a bit line contact hole 1n which a portion of an
active region protrudes from a device 1solation film by
etching the active region and the device 1solation film;

forming a first spacer over a sidewall and an entire bottom
surtface of the bit line contact hole such that a surface of
the active region i1s exposed, the first spacer being
formed between the portion of the active region that
protrudes from the device 1solation film and the etched
device 1solation film;

forming a bit line contact plug and a bit line over the

exposed active region; and

forming a second spacer between the bit line contact plug

and the first spacer.
2. The method according to claim 1, wherein, 1n the form-
ing of the bit line contact hole, a width of the bit line contact
hole 1s larger than a short-axis length of the active region.
3. The method according to claim 1, wherein the forming of
the first spacer includes:
depositing an isulation film over the bit line contact hole
including the protruded portion of the active region; and

performing an etch process until a surface of the protruded
portion of the active region 1s exposed and the insulation
f1lm remains over the sidewall and bottom of the bit line
contact hole.

4. The method according to claim 3, wherein the etch
process 1s a lateral etch process.
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5. The method according to claim 4, wherein the lateral
etch process 1s performed using a Light Etch Treatment
(LET) scheme.

6. The method according to claim 4, wherein the lateral
etch process 1s performed using a wet etch scheme.

7. The method according to claim 3, wherein the etch
process 1s performed using a gas including any of SF, O,, N,
HBr, and a combination thereof.

8. The method according to claim 1, wherein the forming of
the bit line contact plug and the bit line includes:

forming a polysilicon layer, a barrier metal layer, a bit line
conductive layer and a hard mask layer over the substrate
in the bit line contact hole;
forming a mask pattern defining a bit line over the hard
mask layer; and
etching the hard mask layer, the bit line conductive layer,
the barrier metal layer, and the polysilicon layer using
the mask pattern defiming the bit line as an etch mask.
9. The method according to claim 8, wherein the barrier
metal layer 1s formed of any of a titanium (T11) {ilm, a titanium
nitride (‘TiN) film, and a combination thereof.
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10. The method according to claim 8, wherein the bit line
conductive layer 1s formed of a material including tungsten
(W).

11. The method according to claim 8, wherein the bit line
hard mask layer 1s formed of a material including a nitride

film.

12. The method according to claim 8, wherein, 1n the etch-
ing of the polysilicon layer, the polysilicon layer 1s patterned
to form the bit line contact plug.

13. The method according to claim 1, wherein the second
spacer 1s formed to fill the bit line contact hole formed at
sidewalls of the bit line contact plug.

14. The method according to claim 3, wherein the 1nsula-
tion film 1s formed of a material including a nitride film.

15. The method according to claim 1, the method further
comprising;
alter forming the second spacer, forming a storage node
contact plug adjacent to the bit line.
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